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BIOLOGICAL REFRIGERATION SYSTEM 
Technical Field 

[0001] This invention relates generally to 
refrigeration and is particularly suitable for the 
refrigeration of biological material. 

Background Art 

[0002] Cryogenic preservation of biological material 
is very important in many medical and pharmaceutical 
fields. There are two aspects to cryogenic 
preservation of biological samples. The first is the 
preparation of the fresh sample for freezing and the 
controlled rate freezing of the sample. The second 
aspect is the long-term storage of the samples in a 
cryogenic state. Some cryogenic sample storage systems 
use an expendable cryogen such as liquid nitrogen to 
keep the samples cool and to absorb heat leak. The 
problem is that extensive infrastructure (vacuum piping 
etc.) and maintenance (monitoring and delivery of 
liquid nitrogen etc.) are required to keep these 
systems operating. Mechanical refrigeration systems 
are available for the low temperature (non-cryogenic) 
storage of samples. These commercial units do not 
attain temperatures as low as the liquid nitrogen 
storage systems (-140°C for mechanical and -196°C for 
liquid nitrogen) . These units do not require any 
expendable cryogen to maintain their refrigeration. 
Current mechanical refrigerators are very large and 
inefficient due to significant heat leak through their 
foam insulated walls. Improved insulation and 
decreased heat leak into these mechanical refrigeration 
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systems could reduce the required refrigeration 
capacity by an order of magnitude. Cryogenic sample 
storage systems are becoming increasingly popular due 
to increased sample viability and life span at the 
lower storage temperatures. These systems are more 
costly to operate and are less convenient due to the 
required regular supply and handling of liquid 
nitrogen. Sizes of standard cryogenic storage 
refrigerators are limited by safety concerns and the 
necessity of conserving liquid nitrogen by minimizing 
heat leak. Access is through the top. Units must be 
thawed periodically to clean-up infiltrated atmospheric 
contamination. Thawing is labor intensive, incurs the 
risk of thawing the samples and is hazardous. Size 
limitations may require the use of many individual 
units sacrificing any economies of scale. 
[0003] Accordingly, it is an object of this 

invention to provide an improved refrigeration system 
which may be used to refrigerate biological material . 

Summary of the Invention 

[0004] The above and other objects, which will 

become apparent to those skilled in the art upon a 
reading of this disclosure, are attained by the present 
invention, one aspect of which is : 

[0005] A refrigeration system comprising: 

(A) a storage unit comprising at least one hollow 
structure bordering an enclosed space, said hollow 
structure containing liquid coolant; 

(B) a cryocooler having a cold head comprising a 
cold heat exchanger, an aftercooler and a regenerator; 
and 
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and employs compression power of less than 50 
kilowatts . 

Brief Description of the Drawings 

[0013] Figure 1 is a representative illustration of 
a storage unit which may be used in the practice of 
this invention. 

[0014] Figure 2 is a simplified representation of 

one preferred embodiment of the refrigeration system of 
this invention. 

[0015] Figure 3 is a simplified representation of 

another preferred embodiment of this invention. 

Detailed Description 

[0016] The invention will be discussed in detail 

with reference to the Drawings. Referring now to 
Figures 1 and 2, storage unit 1 comprises insulated 
walls 2 which utilize cryogenic insulation technology 
such as vacuum insulation, superinsulation and getters. 
The storage unit illustrated in Figures 1 and 2 has a 
square or rectangular cross section wherein the walls 
are square or rectangular in shape. However, the 
storage unit may be of any other suitable shape such as 
a cylindrical storage unit . Conforming to the walls 2 
of storage unit 1, and positioned adjacent the inside 
surfaces of walls 2, are one or more hollow structures 
3 . In the embodiment of the invention illustrated in 
Figures 1 and 2, the hollow structures 3 are in the 
form of hollow panels. The hollow structures serve to 
define enclosed space or volume 4 wherein the 
biological materials are stored. 
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[0017] The hollow structure or structures 3 contain 

liquid coolant. In addition to heat rejection, the 
coolant provides thermal ballast to maintain storage 
space 4 at low temperature when the unit is opened for 
access to the material being stored. This thermal 
ballast also keeps the samples cold in the event of a 
power outage. Non-flammable, non-hazardous, no-ozone 
depleting fluids or mixtures of fluids are preferred 
for use with this invention. For example, 
perf luoropropoxy-methane (HFE-347) , heptaf luoro-propane 

(HFC-227ea) , pentaf luoropropane (HFC-245fa) and 
perf luoropropane (C5F12) may be used individually or in 
mixtures as the liquid coolant. Mixtures of HFE-347 
with HFC-227ea and HFE-347 with C5F12 provide for 
operation down to 140 K (about -135 C) . These fluids 
have low vapor pressure at ambient temperature. The 
preferred refrigerant as the liquid coolant for the 
current invention is tetraf luoro-methane (R14) . R14 
allows working temperatures down to 120 K (about -150 
C) . The preferred operating temperature range for the 
invention is between 140 K and 70 K. 
[0018] The liquid coolant is maintained at the 

requisite cold temperature by refrigeration generated 
by a cryocooler such as a Stirling cryocooler, a 
Gifford McMahon cryocooler or a pulse tube 
refrigerator. In one embodiment of the invention, the 
refrigeration is provided to the liquid coolant by 
inserting the cold head or cold finger of the 
cryocooler into the hollow structure. In another 
embodiment of the invention, which is illustrated in 
Figure 2, liquid coolant is withdrawn from hollow 
structure or panel 3 in conduit 5 and pumped by means 
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of liquid pump 6 in line or conduit 7 to the 
cryocooler, which in the embodiment illustrated in 
figure 2 is a pulse tube refrigerator 8, wherein it is 
cooled by the refrigeration generated by the pulse tube 
refrigerator. The resulting cooled liquid coolant is 
then passed from pulse tube refrigerator 8 back to the 
hollow structures or panels 3 of storage unit 1 in line 
9. 

[0019] Pulse tube refrigerator 8 is a closed 

refrigeration system that oscillates a working gas in a 
closed cycle and in so doing transfers a heat load from 
a cold section to a hot section. The frequency and 
phasing of the oscillations is determined by the 
configuration of the system. Driver or pressure wave 
generator 10 may be a piston or some other mechanical 
compression device, or an acoustic or thermoacoustic 
wave generation device, or any other suitable device 
for providing a pulse or compression wave to a working 
gas. That is, the pressure wave generator delivers 
energy to the working gas within pulse tube 11 causing 
pressure and velocity oscillations. Helium is the 
preferred working gas; however any effective working 
gas may be used in the pulse tube refrigerator and 
among such one can name nitrogen, oxygen, argon and 
neon or mixtures containing one or more thereof such as 
air . 

[0020] The oscillating working gas is preferably 

cooled in an aftercooler and then in a regenerator as 
it moves toward the cold heat exchanger, also known as 
the cold head or cold finger. The geometry and pulsing 
configuration of the pulse tube refrigeration system is 
such that the oscillating working gas in the cold head 
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12 expands for some fraction of the pulsing cycle and 
heat is absorbed by the working gas by indirect heat 
exchange which provides refrigeration to the liquid 
coolant. Refrigeration from the working gas is passed 
by indirect heat exchange to the liquid coolant. Some 
energy is dissipated in an orifice and the resulting 
heat is removed from the warm end typically by use of a 
warm heat exchanger by indirect heat exchange with 
cooling medium, such as water. Preferably the pulse 
tube refrigeration system employs an inert ance tube and 
reservoir to maintain the gas displacement and pressure 
pulses in appropriate phases. The size of the 
reservoir is sufficiently large so that essentially 
very little pressure oscillation occurs in it during 
the oscillating flowing the pulse tube. 
[0021] In another preferred embodiment of the 

invention, cooled fluid is passed directly into the 
storage space of the storage unit to cool the 
biological material, and then withdrawn from the 
storage space thus serving to purge the storage space 
of contaminants such as carbon dioxide and oxygen. In 
this embodiment the cooling and purging fluid is 
generally air from a compressor or nitrogen from a 
membrane nitrogen generator. The gas is then cooled, 
and may be totally or partially liquefied, by 
refrigeration provided from the cold head of a 
cryocooler, and then passed into the storage space of 
the storage unit. The resulting warmed and possibly 
vaporized fluid is withdrawn from the storage space 
containing contaminants which were present in the 
storage space, and is passed to a gas contaminant 
cleaning system. One embodiment of the purging and 
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cooling aspect of the invention is illustrated in 
Figure 3 . 

[0022] Referring now to Figure 3, air in stream 20 
is passed to a purge gas generator 21 which may be an 
air compressor and air cleaning system or may be a 
membrane nitrogen generator. When purge gas generator 
21 is a membrane nitrogen generator, there is generated 
nitrogen gas having a nitrogen concentration within the 
range of from 90 to 99 mole percent. In the embodiment 
illustrated in Figure 3, nitrogen gas is withdrawn from 
membrane nitrogen generator 21 in stream 22 and passed 
to a gas contaminant cleaning system which, in the 
embodiment illustrated in Figure 3 is ejector 23. 
[0023] An ejector is a device that uses a high 
energy fluid stream to entrain or move a second lower 
energy fluid stream. The ejector produces a mixed 
stream with an energy level in between that of the 
first and second fluid (such that energy is conserved) 
and with a mass flow rate of the first and second 
fluids combined. The first high energy fluid stream 
enters the ejector converging nozzle. This causes the 
velocity of that first stream to increase at the 
expense of pressure . The stream then enters the mixing 
chamber where a low pressure region is created due to 
the momentum and viscous forces created by the first 
stream. This low pressure region is used to draw the 
second lower energy stream into the mixing chamber. 
The two fluids are mixed in the process. The mixed 
fluid then exits the mixing chamber and enter a 
diffuser where fluid pressure is recovered at the 
expense of velocity. 
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[0024] Nitrogen gas from ejector 23 is passed in 
line 24 to heat exchanger 2 5 wherein it is cooled by 
indirect heat exchange with returning nitrogen gas, and 
then passed in line 26 to the cryocooler, which in the 
embodiment illustrated in Figure 3 is pulse tube 
refrigerator 27 for receiving refrigeration from cold 
head 40. Pulse tube refrigerator 27 operates in a 
similar manner as does pulse tube refrigerator 8 
discussed in conjunction with Figure 2. Cooled 
nitrogen fluid, which may be in gaseous, liquid or 
mixed phase form, is passed in line 28 from pulse tube 
refrigerator 27 to storage unit 29. 

[0025] Storage unit 29 comprises insulated walls 

which define a storage space or storage volume which 
may be sealed or open to the atmosphere and which 
contains biological material which is to be cooled, 
frozen and/or maintained in a cooled or frozen state by 
the refrigeration brought into the storage space by the 
fluid from cold head 40. Thereafter, the resulting 
fluid, which is generally entirely in gaseous form and 
which contains contaminants from the storage space 
which come from the ambient atmosphere and/or the 
biological material, is withdrawn from the storage 
space and passed from storage unit 2 9 in line 3 0 to 
heat exchanger 2 9 wherein it is warmed as was 
previously described. The nitrogen gas is then passed 
in line 31 from heat exchanger 25 to ejector 23. A 
portion 32 of stream 31 is vented to the atmosphere. 
[002 6] Although the invention has been described in 
detail with reference to certain preferred embodiments, 
those skilled in the art will recognize that there are 
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other embodiments of the invention within the spirit 
and the scope of the claims. 



